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^xM^^ ( : CONTINUOUS DEPOSITION PROCES^ 

A continuous deposition process for gap fill. A 
precursor having a first chemical and a second chemical is 
used to form a substantially conformal oxide film in some 
gaps. The ratio of the first chemical over the second 
chemical is then continuously reduced to form an oxide layer 
filling the gaps . 
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-f I: 5: ^ Jii — « 4^ w- ts m m 
m: m ^ ^ m- fB. ° 



^ j'j m m 



^ 5^ 



5-2 ii: ^ :ir 

1# .^vt (traditional) fi^ :m m « 3t ?5t ^= • S ^ ^ :^ 4i- ^ 

s if^ 4p ^ /bI ^ '1- ' m '.^ ^ • s ith 'S' ^ ^ « 3t in 

m {±1 5^ — it£ P^- (voids) ° 

^ M -r^ j:_ iitt fo^ M , t# .^^ _h ^ .^s a tti — m ?^ i'^ m tt m 

fl. (selective oxidation process) vti ' ^ ff- -S. W 
(silicon)ia ^ tt (nitride) J:- fi^ m ^53 ft m ^ ^ ^ ^ ' ^ 
IP m =fi- W ^ Jt. fi^ m if?? fS ^ ^ tt o H. I* 51 itii 15^ . -f# 

J:. ^Jf m t±i :^ m ?m m -ft M fl. ♦ ^ m -St JL fi^ ft IS @ 
a ?m tt (selectivity) Jb. fi^j ^ W tt -S. tt J:, fi^ m ^ ' 
2 mPn^. <= ?Eia:^>16t/4*1'iJS-miS.-JI4^(trench)iK3tB# ' 



^ ^ Tf-^ 3^ ?S (overhang) i±i 



^ i£ m ft jb. -::t ft fiti m tt 



^ ^ o wf- • 1?^ m ""i" iX m m.m M ^ T -t. ^ 

(bottom up process) ° 



* T J:. Bi m (bottom up process) i-'X 1± & ^ m 'M- ^ 

St li fS. (shallow trench isolation : STI) » iSt IS f £ M f £ • 



tfflas?:*^^ ( CNS ) A4«J*- ( 210X 297/^* ) 



Jz.m. O3/TEOS 6^ tt t^U (ratio)^ 7^ :^ m -ft 5y -PI- m 
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£- ^ ih^n^^m ( ) 

m &i TXi. m- ^t. ^ ih m -a- (p recu rso r) m $° m ■ Es ^ 

m ^ (O3/TEOS) m. m - im'-m — ^ ' 1^ tt m o./teos 

f^i- m It. <^ ( nitride) sS. S?!: m ib <^ (thermal oxide) fi^ 52: ^ 
( sensitivity )^ m }§r » "rf- 

It, m J:, m m m tt m > m ^ ^ f $ ^ « 3t ^g. ( fiiung J 

capability)' itb rJ'K m ^ f$ ^ I^- m tt fi^ §2: ^ (sensitivity) ° J 
^ itt • ^ 1F1 f§: ?a — ^ 11^ ( t re nd) ' it. ^ ft fiti tt :Sr 

i?[ 3t ^ ft a^a m -8- m tb fiti il^ ^ -tt M ° 

1' ^ IFI ^. ^ ^ Rff It M m fi^ ?5t ' ^ 5^ 

(come out)-£ fel ^ « 3t M m (gap fill process)H0 ' ii: ^ il£ 

m ^w. ^ Ml m JE. • ^ afe pjj -r ^ ?u ^ m ^ ( ip ti£ ^ f^i ^ 
^ 3*;: ) ° 1 SI ♦ ^ -Pif .1^ ^ w ^ fiti — a feT ^ *s M 

m ^'J W .-t: HI o [a 4^ -Itt ^ — ^ 20 ' IS ^ JS. JL ^5 ^ ^ fS St 

tH B^a ^ 22 • W la; ilfe ^ ^ M'J 27 i?- i£ ° ^ 

tl! ?t e^B ^ ^ 22 m M Jz. m. 3f5 Jii. =^ m It. ^S' m m ^ 24' ttb 

i!! r^'f- • M il£ ft 5y fa^ 24 - fl. B^ ^ S 22 #n ^ 20 Jt. 

at ;55c ^ 4±- 6^ m -ft ^ 26 ° 'S' 5it 17^ ^ m ft J§ 28 m Jz. 

I Idt foT 27 ;^ m • t75 iS: 5^ ^ i££ fe^ ^ 27 ^ ^ ^ 30 m ^ • itt 

S ^ ^ =^ 3t 
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A ^ D£! ?a (re-entry ) 10 fiT fm JIP 



7 1^ ^ ^ = 

^jllM (smooth) • nrT 



^ iht • 5Jt 1P1 m T — il£ St fl. ^ ^ (window 

check) - t^J , ^ tf^ ^ ^ ^ ^ jai ^ m ^ m /TEOS 

« ^ fei ^ ' 31 ^ ^ fi^ m m ^ • :^ ^ 

Ji :^ ° -f- ' fit ^ « # it la ifi w -§ > ^ 1 1 spi ^ 
foT ^ *a 3t iSL ^ ^ (improved) ' is. ^ m m m m m ^-^ 5e 

(issue;) ' ^ il£ fal ^ ^ tti ^ (voids) - PH" ^ — fi^ ' 

IP m -a ^ Jf5 (tapered)6^ m 'h feT ^ ■ t75 ^ @ ^ 1^ ^ 
W tl'J ^ ^ pa (re-entry) fiti & ' Tfn -S. :?e: M fal ^ b# • ^ ^ 
?L ^. a^ m :^ ° 

5-3 -fit g a^ ^ m 

-fit a^ g a^ :^ — ' i£ ^ — ^ foT ^ :^ :^ • i-^ 

'j^ ^ m. fei m -ft. a^ ^ (voids) ° 



^ m ^ Jt. iat 35. ^ ft § a^ • -i it #t — m ^ ?s 

$i ' ^ ki. « 3t — ^ J:, m S£ t® ?S 55 ^ ;S ;^ fel atl fel ^ • 

Jz. litt fS 5:7 ^ tpjj J£ Jb. ^ tt fel i£ - ^ JL lili ^ ft 

J:. ^ ifJ a^ m -fL ^1 ^ (nitride liner) ° Jb. lili. iS ^ ?t M f£ 
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i- ^ ■\r^f\i^m ( ) 

is: it i-^^ m #° 23 ^ 5y M (TEOS ) ^ ^ ^ ^ o=a m ^ jz. 

at ^ i^^TJ fel ^ J£ - J:, int m B^B 57 - ^ litt ^ JS Jz. ^ 

V J:, -i^ Jf5 fi^ m r# ^1 = i£ J:, litt ft ^1 iT5 ^ m - 

;-*f P$ t& J;. 2itt 3t * tb a°a .m ft / 2H ^ ^ M fi^ tJJ ' 

m ^ ii!t fsT ^ - 

m f i: Hfl ^ ^ ^ ' ^ litt 1^ aff t& fi^ ^ 1^ iii. M 
^ ^ ^ ^ fiij ^ 5t 5^ sm ° 

?^ ^ — M w -f- • -f* oT Si ^ lit T — M i« 3t m it 

tn feT ^ fiij ' n ^ m =n — it. ^ a°o ^ ^ tL 

o°o fiti 3t si^ .m ^ jz. i3t 4^ if5 js. ^ ^ jz. 4* fi^ m tb 

'^tm-m « • i€ ^uf t& JL litt 3t tt m ;^ JL litt :^ — 

tt i|i n°a / lilt ^ ^ tb °o m tt ' l-vL « Jr. iilt m. ° 
5-4 ffii m iH B^ 
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^ i« ^ -fS: J:, iitt ^° ^ t-tL S fi^i - ^ili-T ^ - $S; 

n: .ii ^ . T" 3t i# ^ Sc 1^ IT ^£ ' iit le. -8- PT^ in 5t ' t-^ 

i¥ .^a i5i B^ -p : 

-> 

^ 1 BE .1^ ^ fiti — m ^ 3t M W [ffl : 

^ 2 aB .1?t ^r: i£ Jh. fiti m tb m ^ • #1- i£ m tt ^f^J JL 
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g 

lit 

/i 



-51 



^ 4 A Hi S. ^ 4 C @1 $t fr: m f St ^ ^ F'J ' — ^4 

la .^-S :^ ft m fl. m ^'J m ."E SI » 

HI ^ 12. ; 

10 : H pa (re-entry) 
24 : m tt 55^ feT ^ J£ 

26 : m 

3 0: ^ 

20 - 100 : ^ 

22 - 102 : ^^a^S' 

104 : w.it.^ r^m^ 

106 : tb it^ ^ ^ 

27 - 107 : fel ^ 
108 : m -ftil^ 

28 - 110: m -fb 

5-5 -flE: .^JB H« 

4Ams.im 4C [ffl m ^ -ft: B^ ^ If i?!J - — 
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ia m ^ ft M m ^'j w fr. .m HI - m ^ m m 4 a m • ?m f x 
im^^s^y m m 102 jfs ^^t -£ — ^ 100 jr. • ^ ^ ^m^^^ ^9 

;^ 102 fi^ tP.'J ^ ^ m tt. fe^ (nitride spacers)104- 

Ltb ' ^£ m -fb fel Jl. 104 - ^ ^9 m ^ 1 02 ^ JS 100 
£ ?f5 J55t ^ ^ JL Jf5 a^: m tt -r# ^ (thin nitride layer)' 

^-~mmi\^^^mm 1 06 = .-e & • fei ^ 1 07 

W.1\^^^mm 106 J:, t± =f± A ^ W 6^ a (re-entry : ^ ^ ^ 3 

[ffl ) ° Itt ' Jz. litt fS a^B :S Itb fal A ^ fel ^ 107 = 

.4B 111 ' -M- 3fe ' 'm^mW.1i:.^^mi^JZ^^'^l^ 
fi^ St m (process) • lyJ ^'J ^ — fM -a-^ * m ^° TEOS fiti 3t 
tt ^i* a°a m (precursor)m m i£ m r?r ^ 106 Jz.S^5 

^ — ^ IT JL 4^ ^5 fi^ m -r# ^ 108' m IS m -fb r# ^ los 

^ ^ — i.^ * T" W Jb (bottom up)6^SE^ ' iifi. if ki. t^^ M 4^ 
m ° MW ' ^ ^ kill: 5<L « ^ fe^ ^ 107 ° ^ ^ J;. ' 

^ ^if a tB 6^7 ' A — a m m ;^ ^ M m (sequential 
deposition) ' ^-^11?. ^'^^Jz.}^:^mLJ^J$Ll^&^^m ° 

^ }r :^ M m ^ :^ — ' -f£ ^ icJ. ?e m ^ f^l 107 1^ ^ 
^ ^ fiti [H] (re-entry)f^ ° 

«t ^ ST :^ M fS. °r f« [H] P2 (re-entry) 6^ ^- S ;^ — ' 

i£:^^tti^l^a^^^-^^ • -^m/TEOS m tb fi^ S5: 

^er ( fft -t m ) : w ^ it. -w- tsu m- • m /teos m m 
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i ^ ^^mtim ( ) 

I'd ^imL^Jn. I'J $x t& = ^it J? 4 A [H J:. ^ If ^ ^ IS ' fal ^ 10 7 

^ IS'J 6^ m It if?? ( m ^f^g fsl J£ 1 04 + m M >1 l O 6 ) ^ • 

tt §p fiT m tt ( R ^ m tt M -1 i06)^ ^ m ^ - m • 

i£ fTj fiij a# ^.j . 107 :^ m f t 5^ m ^1 106 6^ [H] PS °r 1-^^ 

-rt it m tb 108 w^mm^ ° mm mt^^^^^^m m. 

^ m. m,^M. pjf 3\i m m. m i os ^ ^ °r i-a .i^^ a 200 ±^ s 

800 ±^ ° 

' is-^&t:^ 4C 10 ' ^ B# fai 1^ t& * m /TEOS 
tt t^ii ' TTiT m m m m tt It • uks^^^j^^i^m 110 *s 
^ - m,'^^M.m & ' }if fcb Fii ^ m /teos m.^B.m-wh ' 
s 5^ ^ fft m i|L f t ' @ itt ^ tp^ °r — w ^ m /TEOS M 
3t ^ ft o°o m -g- ^ m tt ' — w ^ ^ f£ m i@i p$ * 
fi/TEos fit/ht^ii ' i^^^'.uzmmmM^^m » $nitb . ^ ^ 

107 ft Jt. 3^ fli -ft i% ' -S. ^it fnl ^ 107 j:>q ^ tl'J ;^ 

^ m. It. m ^ m m ^ — > mi'i^m ^ ^ m m m 107° 

tiL H] itt ' ^ 1f1 rT ^ 11 M m fi^ 55: ^g. ^ 5^ (process 
performance) • -tiL ^t. ^ H ^Jt It IS 4^ (deposition rate) ° 



m -f I: B« ir • mm 107 $^ ^ et/ M pa (re- 

entry)fA t'^ ^ * :^ m ' ^if m lift &^ tt Fil fill ^ -^-t 

3 0 o 
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■w =K ^ ^ m 1^ tt m ^ m /TEOS ' w mi^^ tt m -m- m 
, TEOS m^T r^mm yt. - mw « m iS. ^o-^ r^^^ m m m ^ :^ 
-h • m \i^t ^ 4£ ?t ^ a# - -i^ m &^ m.^ n^t^ 

^ (void)-^ i - ^ If 1 ^ .^S ^ IS ^ -^5 S^} It ^ 5t ' 

il: m — m ^5: • frn ^ ^ P^^ ^5 ^ ^ fjfl • ^ 

A ^ ^ ;S£ -f-^ (initial) > -tti ^il ^ ^ ^ tit m - TEOS ^ 

ft i5f 3jfi S'J fe^ ^ ^ m. i±M.^-^ & ' IS B# fi^ foi e. ^ 
m — Pfe^ -pa ^ m ft ' n r^mM.j^^tLJ^, ^ m,"^ ' 

4s >S. itiL • fit :^ 3c. ^ -fb ^ o°o .m 5: — a -^-S ^ fe^ 2iff 
i<t 3.11 K i££ fe^ ^ fi^ • R fiti * m /TEOS tt Tl. IS itii ^ 

TFT M ^ ° m tn M ^ fi^ ^ 5t i^j A 1^ -3ff M :> m 6^ - ss. 

^ IE -:iff ^° TEOS ° * 4 C IS ^ "°r ki. i# ^ • ^ ^ 

-iS: « 3E faT ^ ' ^ -r ^ ?L ^ ^ " ^ =# ' ^ ii: °r *S 3t ^ 

faT ^ -S- S °r 1-^1. '1^ M'J -li^ 0.08 Wis^ ' ^ 4 C 111 ^ ^ 15: 6^ fal ^ 

107 ^/i^ ^ - ^ ^ • fit ilC 51. ' ^'J ^ f§: =r ^ J=1 — M m 

IE. 7^ (recipe) J5l m ^ m ^ m :K m ' ^m."^ ^ — M. 



^ — tSI tl£ 5il tf 1 iS :^ ?t fi^ S • iS. i£ :^ ft 
^ 1^ :^ W (interface) fiti ^ = t/^' ^ ?X Pfe^ ( sS. Pfe^ -PS ^ 
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i ^ -^^mitm ( ) 

3^ m m'i ^yi- ) w 7^ ^ m je. m • M'J m m m m. m tb ;^ fei ^ ^ 

W ^ ^ ' U: tH W i£ IS a^B H 411 ?a IS ( a c 1 d dip ):t.^^ > 

^ ij ^ ,11 ffJi: l£ IS. ^ ^ ^ij J£ . Trn ^ iS: il£ W ^ ^'J ^ :^ ? I -IS: 

•?L fi^] ^ jSc ° ^ 5± ."E fi^ 5: ' ^ -1^ M IS :^ is B£ W fit) i ' 
i£ M m 4^ "S- ^ fiti ^ !^ m -S" ^ ^ i£ ilfe W J:. ?T$ jsit 

?L -rjsi ' f 5 ^ ^ ^ o°o « - la: -tiL A ^ -fiE: ^ m ^u^m ^ 

5S IS fal ^ « 3t m -ft u°o ^ fi^ J^. @ :^ — - 

<m & ' m.M ^ it e. liiL m ^ :t. rr ^ ^ 

(Inter-Poly Dielectric: IPD) M m th ^ m Jz. • 1S. ^ 

m i^x m ^ it BR - ^ ^ Jb ' IS. mm m ;^ ?s ^ 5t ^ 

^^^^-,^-:^mP}WM(STI)Sim:^-a-:^m(trenches)'=F^ • ^ 

f It ^ A ^ ki. T" IS ifi : 

1. -sf ki.tif-M faT P^f^.^ JL fr^J H ?2 (re-entry ) ' kJ. iS 
:^ *S ^ fel P^ fi^ m tt 4^ ^ £t ?L ^ (voids) - 

2. -fit °r kJL ^ II 5i m fitJ yS: tfc ^ (process 
performance)-|2|- !S ^ (deposition rate) ° 

3. -ft: °r :^ *K :^ fal ^ fiti m tt ^ J£ w 
(interface) ° 
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m m ^ c. i-x ^ m W'i m m- tL'^ J:. • f^. ^ ^^^^ ^ ^--x 
m ^ ' t°r ?^ w itt ^ ^ ' ^^M.m^itB^:^n- ^ 

9Q.m ' 1-^ ^ m m.^] m zmm • s itt ^ ^ m 
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1 . —mm .^s ^ -^^ ?t M m • ^ i±m je. — ^ Jz. :^^§tm 
m ^ :t. m ' m -tJe ii'J 5* j=. ttj ^ ^ m 

tt. if^ij fa^ ^ j£ ' ^ m fb r^p^m. - m '^n. ^y ^ ^ - ^ 

^ £ 7f5 ^ ^ ir « Jz. 4±r if5 fit/ m -ft ^ (nitride 

liner) ' tK m ^ S. 'J^ ^ ■ 

kL m. ^° ^ 7^ ^ m m (teos) m yt ^ it. m f^s. 

(precursor) iSE 1^ SL tL ^^J M J:. ^ ^ ^ J:. 4^ ff5 fiti m It -f* 

Wilt, m r# ^5 ;^ m • m p$ i&mk ^m-it. m m 
^ m. m m. 6-^ ttm • jt5 ^ m ^ « m fai 



IT 



2 . ^ it ^'J ia ® ^ 1 JM ^ir lilt ;^ im .^.t ;^ M f 1. • ^ 
^ IS l€ '3!ff t& W 1^5^ i-:!. M ^ m ^ fi^ ^ 5t 5^ im ° 
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it 
Ti 



3 . $n ^ it ^ ^ij ia S 2 iM litt ;^ m .liR :^ ft m f ^ - ^ 
4^ K !^ asff t& 1^ .^S .^^ 30 ^> ° 

4 . in ^ it $5 S m 1 iM -P/f lit! :^ i* ft M m • n 

^ iK }^ ^ It. m m Jz. =^ m • w m m -ft ^^j/ -r# 

m m jii ^stm m i:±w m !^ iHi ?s - 

4^ IS m r* ^ ki. tf^ M pa ° 
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6. iio ^ m ^ ^'i mQ.m ^ 5 m Pfr Utt iS. m :^ i:^ m m. ' ^ 

^ m m m m m m 200 soo ±^ - 

7 . — *s 3t ft it tm fei fit! :^ ' s 1^ tL -g- : 

— It. m =°= #° ^ — ft. 0°= ^ 3t w- tt .m 

(precursor)^ m m ^ m "W: J:. 4=^ m m. -f* m : l-:J. 

^ M m fb r# ^ if5 J5jc m • a^f t& k 5t ^ tb ^ n°n m 

-g- ;^ m — Yb o°o /M :^ ^ ft ^ a°o 6^ ttm • liJL J3X. m f b *a 
i6£ fsT ^ ° 

' ^ 4" M ^ faT ^ -IL ft 5^ ^1 ^ fal feT ^ (IPD) o 
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fit 
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ti 
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9 . in ^ ii- Jf. ^.j ia a 3f 7 iM ^if iitt ;^ ijt X ft it fal ^ fi^ >^ 

. :k ^ m ^ m i^x m pf ft it tm 

10. in ^ SI- :sf. ^ ij $a IS ^ 7 m m, m ^ m m m ^ 
• ^ 3|- — -fb o°o tL m ° 

11. in ^ fg- 4f. ^ij §5 [s :^ 10 mmm,:^m,^n.mLm r^m^"^ 

7^ ' ^ 4^ 1^ :^ ^ tb i|* n°o -gL *S EH ^ 5y ^ a (TEOS) - 
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12. ti^ ^ m ^ ^'i mm :m u m ^fr iJi §z m fai ^ 
^ ' is-i^ m mis: ^ is i-x 'j^.M-.M.im^m. m 

13. $o ^ ^ij "Sg: ® 12' XI ^.ff at ■ jfe' m ft "tUTTaT^ fi^ 

' ^ ^ M mmm m. m 3^ - 

14 . ^ it ^iJ ie S ir 7 i.l ^/f litt ;^ iJt 3£ tH fel ^ fi^ 
z^'J^ ' 4^ *fe feT ^ $^ ^ Jb. ^ ^ [HI PS ' W IS m tb 1^ ^ Jf5 
J^i^ ^ilK m. Id^.W ?M IS ilfe H PS = 

15. $° ^ it -s. ? ij $5 E :^ 14 IS lilt « 3t fl. f £ tH fal ^ fi^ 
^ ' ^ f ^ ^ -r# Ji fi^ Jf: ^ ^ t'^ IS 4£ [H] PS - • 

16. $° ^ it ^'j ia s ^ 15 mmm:^myL^mLm rm'\mG^ 
^ a* ' ^ ^ IS m tt r# fitj -f?: m M 200 s 800 ±^ ° 



17. — m m ?s M f £ • m kLm y^ — ^ jz. 

mm ^H^s^ m m:^ rsm • is it& m ^ ^ ti'j jt. jt5 ^ ^ 

^ tt fal ^ J£ . ^ M il£ ^ tb if^ fal P^ J£ - IS ^ ^ ^ 

#1: IS ^ J:. IE if5 ^ 5r IT J:. ±t Jf5 fi^ ^ if^ M ^ (nitride 
liner) • SS iS :^ ft M f.t S ^ : 

m #° E3 ^ ^ a (TEOS) a it * * Q°o .m -a- 
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(precursor)-^ m tL M -1 Jz. ?T5 ^ a 200 400 

±^ m it m- m ; ij. -s. 

i£ m -ft m- -1 7f 5 m ' m m m m t& is * tt if* 
a°o .m -a- 5l m / 23 ^ ^ m tt .it^ 30 ^> S4 - i-xsfi j^m. 

tt J# *S ;M K il£ feT ^ o 
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